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(54) OPTICAL WAVELENGTH DIVISION MULTIPLEX SIGNAL MONITORING APPARATUS AND 
METHOD, OPTICAL SIGNAL QUALITY MONITORING APPARATUS AND OPTICAL SIGNAL 
WAVEFORM MEASURING APPARATUS 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To miniaturize an apparatus 
for monitoring optical signal quality degradation of an 
optical wavelength division multiplexed signal. 
SOLUTION: An electric signal processing for evaluating 
an optical signal quality parameter on the basis of an 

optical signal intensity distribution is turned into one r ii v . - ..- . ^ 19 

system and a plurality of wavelength channels are 
processed altogether. To monitor the optical signal 
quality degradation in the optical wavelength division 
multiplexed signal by a simple configuration, the following 
configurations are used: A configuration using an optical 
wavelength division demultiplexer 1 1 and a sampling 
clock generator 1 7 to make the electric signal 
processing of an electric signal processor 1 9 into one; A 
configuration using an optical sampling pulse train 
generator, an optical multiplexer, a nonlinear optical 
medium, and the optical wavelength division 
demultiplexer to the electric signal processing of the 
electric signal processor into one; or a configuration 

using a selection wavelength control section, an optical wavelength selecting section, and the 
sampling clock generator to make one electric signal. 
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[f*3ftJg 1 ] fcT y V Is— h f 0 (bit/s) GOftfs 
#dSN*«#« (Ntt2KlWlS) ^fc^ft^f'J 

«r»5t««»«»|iixa-e»»I»l!| £ tifcN^ */uo> 

-t-5*«*«xa^, 

lft?)3gLJ««»:36S f 1 (Hz) (f 1= (n/m) fO 
+ a : n, mte&mWt. a fi^i? y h <0*> 

OV^Tilff-p B nf^°7 ^ — ^ 61Mlf ^11 

[ft Jftlg 2 ] tTy M/-hf 0 (bit/s) 0^%\b 

**«#**«*»»»«+s*»*»«»iiixai:, 

IftOigUHSSfc&S f 1 (Hz) (f 1= (n/m) fO 
+ a : n, mSII, a te^ ^ir y h <Ks</UX 

t°7 hi/- h f o (bit/s) <nytm-%(n ? 4 A 

mm-y->-7 ] J >^*^^^^J*^xaT?5B±Lfc«ria^ 
>-7°y >^^^^^j^N^^j{c^i-6f->-7°y 

*^/u*?U5MRxa£. 

Sftffi*ft*»«5>Kxa^KSn]tN^^*yu<7)*jS 
fir#«:»lltfB# ^ AWE* >^ y > /*^;u^^MH 

z> n m <r> mmmm^n t-*5 it £ imms k \tm vy&m 

flfJBE3t»jKxar^?6 $ Hfc jtuffiN ^ -r * /K^tBSffl H 

xat, 

Wfis*«aeijixa"caE» £ *i*hiwbn ^ ^^^im^ 

[»*«3] *0iSL««*^fl (Hz) (fi = 

(n/m) f 0 + a : n, mfig^lft, a fi^ir y h 



(2) t&m 2003-209522 

2 

Tv^Wf^^-Ho (bit/s) 

tfyM^-bf 0 (bit/s) GQ3£ff^N?£ft#S 
(Nil 2 EJL-hwSft) £;ft,fc^&ft##J#fifl #i awe 

f - y v i/3t^/^^^J3S±xa"e«* LfcfflEif- >^ 

y >i/*^^^Jt«r'&«i-53fe'frKxa^. 

[Wf*«4] try hU- h f 0 (bit/s) <7>*« 
■l"*-S*ift*»tRXat, 

*«»xat, 

30 53tl^llii:, 

i»0igLja«J»3flS f 1 (Hz) (f 1- (n/m) fO 
+ a : n, mtei&SC. attt7ty MSRft) t7)-^> 

7°y>^^D y ^^r^^i"^-^>/y p y 

xa<b, 

*ftiE*«Ki*xa"ea*$tts i ^■■v*/Ko*ftcsii«ag 

[IS>ttrl 5 ] tr y h L — h f 0 (bit/s) co^a 
«i"S*«fi»lRXai:, 

SftlB ^ "CiltR $ S St ft Sr»J»-T S »R« 

ft^ij«xa^> 

^^iELJlfe^fl (Hz) ( f 1 = (n/m) fO 

+ a : n, mtiS^St, a y h J^^) "C^^/l^ 

50 X«35StTy HU- h f 0 (b i t/s) ^<T>9 4 
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3 

t «wa* ^ v > ^ft/^^Hs^x 
wia^iftxa-cffi^-rsfflriE i ^^wtisifBBB* 

Si:, 

W1E*«aEl(IXS"C»foti5ffiKl ^^r*/KZ5m«3»a 
£ £ {c 3t fi ^-d p p 5 tMif fMI 

[ft^rl 6 ] tf y hi— h f 0 ( b i t X s ) <nyt<n 
*&SNR*#St (Ntt2JaJbW*») *ttfe***»* 

IfcOigL^SSfctf f 1 (Hz) (f 1= (n/m) fO 
+ a : n, mfig^it a fi^-^-fe y hHjft*) 

tufS N <£> » b ffl ^ $ ft 5 mJfS N ^ /u 

^is-ict ^M^-r^Ruts^^^y >^ p >7^taor 
ij-i^y t#^tL6-y->-7 p y 

/i^ft^fttco^T^lf -Sl^fC^ > SrffFffi-f 

[ft *JS 7 ] tr y h U™ h f 0 (bi t/s) w^il 

|ft!9 5gL»R*^ f 1 (H z) ( f 1 = (n/m) f 0 
+ a : n, m g a ti^lr y h JSSSfc) 

(B*SfcTy h b f 0 (bi t/s) coftff -^co*.* A 
xp y h J: 19 fc +##1^9-^0 >^3fe^u;*?iJ£$&£ 

ffliE*JK«»«»«i^a (aot #sti ^ ny-c n ^ -r */u 



(3) 2003-209522 

<fc o T * ftfc N ^IJCD-tf- > ^ y V ^t^n/U 
x ?ij £ &$.-f £ N f@ CO 3te£- jg 3M£ £ , 

[fl»**8] H<9igLJa]jft»i6Sf 1 (Hz) (f 1 = 
(n/m) f0 + a:n, mtt^t, a fi^-^ir y h 
20 m&Wt) X*s<slsxm& tfjy hi/- h f 0 (b i t/s) 

tTyhU-hfO (bit/s) GO^ff -^-^^N^^r^fi 

(n 2 $ n/c^^s^f 'i^fiit ^ mife 

* > y > *r%s*9\s * m * *#a-c* ^ l £ Mtsf - > ^° 

mmm&m \c&rtz> mmm^m wife «t 

[»*3i9] try h h f 0 (bit/s) <o*« 
#^N***S (Ntt2JEJL±W«E») ^nfc^^S^fJ 

ttl- 5 

50 m&irZ) 1 fiw^ttft^t, 
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H^XUBiMfeftS f 1 (Hz) (f 1= (n/m) fO 
+ a : n, miigftt, a 13 ^7ir y h MWiWO <W> 

fflrE*«fflM^fto»e>ffi*s*t5 i 

sews miB*^y>^^py^**#aw«riE 

[ft *31 10] tr y h h f o ( b i t / s ) ff>3fc 

HI9 3gL««*3&S f 1 (H z) ( f 1 = (n/m) f 0 
+ a : n, mteg£*i&:, a te^^ir y h M&W) X*/<Sl- 
^«3&SfcTyhU— MO (bit/s)^{f^N 

[ff*rn i] mmmnm^m^&te, ytm-^m 

M:«ft*»l£-r5«#»ai*Jt«ft8J3S«i: > 



(4) 2003-209522 

l o (OV>i a tu^Mc:fa«co3tiSft^#l#fif5-^g£mK«o 

* p y ^JljgfSc f 1 (H z ) ( f 1 = (N/M) f 0 + 
a, N, MtelEiSu a tt^i? y YmfcW) "CbuEHI^C 

rf 1 1 |£E*0#«*#«#««4HE«SSfIo 

[»*« i 3 ] mm^^ttm^kmmm^&te. 

VMB (B) J: «9 fcffit^fltTEJWifc * h^7^»M^ 

£ m % &m m mm t , 

o^^^rtL^tL*^, r^nj t ri/-</uoj co^- 

*^»«»#36^#6tt5«lrE««fc:^ h^^t, 2 

tt (A) fiV^**ftE»«L#v^ (B) £1-5 

r £ Sr»*ti-S»*3i l 3 (^E«(0*jR*^m#*« 

T^e/^yujf fffcot try h h^s f o (bit/ 

*H3igLjaR*^ f i (Hz) (fi= (n/m) fo 
+ a : n, m^g^ic, a ^7"fe: y h«ftfc) 

7°y p y ^jf-^^^i^i-^-y-v^y p 
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« f i (Hz) <0$<< J±*uy h (=l/fo) J£AT 

rw</nj £ ru-</ixoj -^ti 

«x <z> *> 5 ¥^ i* m i*i co 3p*&« is^/ur ummmmu 

[»*JI16] bfy hi— hfo (b i t/s) 

«*«rS«L"C, HOiSLJBftft^f i (Hz) (fi 
= (n/m) fo + a : n, mfig^lfc, a fit 3d" 7 -fey 

f i (Hz) ©^A^Byh (=l/fo) 

£> 

[ffjjtxii 7] try hi/- h f o (b i t/s) cnyt 



(5) ¥tm 2003-209522 

l 8 ] mJlEHMff fMlft^ oAAiSN* 

[If**! 1 9 ] HUfSm^f -^^#a— OA^J^N^ 

^^A^t^Nft^^rtp^iM^g^ 

20 [»#*I2 1J »0igL»»«*s f i (Hz) (f. 
= (n/m) fo + a :n, mte&BWC, a lW7t y 

/yy^ny^aotfyyyy^u » fetus* 

>^y ^^fflr-s-^fe*****^****, KftW-JHH 

[ft^l2 2] »t5iSt«ftft^ f i (Hz) (fi 

= (n/m) fo + a : n, mlifi a ft^-fes' h 
Ml St IS) W^/M^t'y M/"Mo (b i t/s) 

w*M(?)^^A^P5/ h J; 9 t+»*v>*v^y >^ 
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[»*S2 3] MfcQigLMttftas f i (Hz) (f i 

= (n/m) f o + a : n, mli ate^i?^ 

hja*as) ^-y-^yy ^^'^u -x^srai^i-s-^^y 

^SlJ^gt^nfcN^-t^/UCOt"'^ h h f o (bit 

/s) <o#«*#»#««*<a3ft«S:, tufEifv^y^ 

^ p v ? zmm^-^y v p 

[tt*3g2 4] t^lL)l«^f ) (Hz) (fi 
= (n/m) f o + a : n, mte&BWt, a fi^i? 3/ 

[iM2 5] *9igL»«S0Sf i (Hz) (fi 
= (n/m) f o + a : n, mligM, 

t/^^fyM/^hfo (bit/ 

S ) (D^ff^-^^^ a^p ^ ^ t>+^v^-y->^y 
#a*. 

fcTy Fl/- h f o (b i t/s) ^^{f-^^N^g^m 

-y->^ y > ^*^/u^?ij5Sfe#a-cigfife L/cSfjie^^^ 



20 



50 



[»*52 6] fcTj/hU— hfo (bit/sJW* 
ft^N«S#fi (Nf*2J_UJ:CDSSft) Sn*:*!*** 

i«lMI«^f i (Hz) (fi= (n/m) fo 
+ a : n, mtte*S*, a y bJljft*) 

•^y y^njy^^tsfy/y ^^p^m^ 

^ p v ? ^^&frhm^&mmy->y p v p 
^t^o-c-y-^y w^st^y^^ft 



rl2 0 liEtw*iil[ftj>#l#M 
[lf5Rrl2 7] hWhfo (bit/s)ro* 

40 Hf9igL»ift»dS f i (Hz) (fi= (n/m) fo 
+ a : n, mllSftft, a(it7ir> 7 MI«) 

■^y p y^^ris^-rsi^^^y p 



-6- 



11 

[IS^I2 8 ] fcTy H/-hfo (b i t X s ) (D* 
«#*SN««#St (Nli2^IS) £*bfc*«ft# 
«*M*}6»e>ffi*w 1 ^-^A-SrWRU ft«ft#9l 

5 70 

H»5igLHjfi»*S f i (Hz) (fi= (n/m) fo 
+ a : n, m a y Vm&Wc) X*s</1> 

**Itfstry h u— hf 0 (bit/s) (7)^f -^-co^-C 

KffsftjgsiRfiaic «t o r ik • $ tilt i^-y* 
m IE it&WL ^« * tt it m ia*» ft ■» £ 

9 % £-f s n a ta h * * , str 1 & ft -^t 

ft#M#»«-»E«3S1Ko 

[**«2 9] Hf9iSL«jft»36Sf i (Hz) (fi 
= (n/m) f o + a : n, mfig$*i£ N a fi^ir y 

tTy h h f o (bit/s) ff>3fcff -5§-i&SN2fift^Jr 
(Ntt2JEJl_b^aE*) £ftfctt«ft#«#M*0>3SS 

*\ mjfsf- y^y >^ ci ^^^^a^^^^-r^^j 

b ffi&<?> 1 ^ * L x 3fc«ft#»#BH- £ 

ttStftWR^S: £ , 

flfriB*ftft*K#a«c:j;orawstt5*ft*»j«ii-5 



#P?S 2003-209522 
72 

• #1*3*1,*: l ^^*/K^*»ft»«»K«#«rS*L 
[»*43 0] »9ilL««*36S f , (Hz) (f i 

= (n/m) f o + a : n, mdSM, a li^i? y 
bM)z£i&:) "C^/U^SdStTy h f o (bit/ 

s) <Ditit^<D?4J*xvyh£Vi>+ftm^>y>v 

tTy h h f o (bit/s) Wjtfif^NSft^I 

«riB*^a6^aT^ttsnfcWK*ftft»«#fi«-^ifc 

ir^^SrStRL, S*ttft»R#© 

SuiE^Sft stR^atc j: o r muR z ti z> &mm -t % 
«rE*«K*^aii, «rE*»ft»*^s^«torai« 

[ff^3l3l] *0igL»ftfc3&S f 1 (Hz) (fi 
= (n/m) f 0 + a : n, mfig^©:, a fi^"7ir y 

ffi^^tL^HufaN^^r^/uoia^gtSlElllfs^-^r, fits 

E*w*jfift»«#*«#K«K«o 
[ft*JS3 2] »!9iSLHaSScdS f i (Hz) (fi 
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13 

= (n/m) f o + a : n, mgJSS, a \tt7^y h 
JliSSft) tfV^t^ffitfS <y h h f o (bit/s) 

^/i^?i|£3§£^5^v:7 0 y ^tt^/u*?!B6£#& 
HfflE*««45-»l^fft^ lc J: o * ttfcN ?• + 

Mo 

[IS>Rrl3 3] HfJjgLJBjftftdS f i (Hz) (fi 
= ( n /m) f o + a : n , mfi § a fi^^i? ^ 

^f'J^i^tt^cN^-V^/UCOtr^ h h f o (bit 
/s) <0#tt«#«#««*eD3Sft*, tufSi^^^yv 

ML, 

[»*3I3 4] »9 51Lja«t*36S f i (Hz) (fi 
= (n/m) f o + a : n, mfiSiS, afi^"^ 7 "^^ 

hu i a * & s ^ fi« * * * K * #»] #fit-r ^ hu tc n 5" 
^-r^mfiaf-v^y >^ p jx^ic^ot^yv^ 



(8) ftffl 2003-209522 

[»**3 5l fcOigLWSflBb&Sf 1 (Hz) (fi 
= (n/m) fo + a :n, mtig«SS[, ati^^ir^ 
hJM&IS) W^tTyhWhfo (bit/ 

s) ^{f^^^^Dy h £9 ^^v^^y 

tfy M/-hf o (bit/s) 0*f|fMS#i 
20 ft # S: N ^ ^ */Hd L , 

30 g£tSS« 0 

[it>Rri3 6 ] mm^^m^mm^^±^^^^ 
^*$m±^&^ b tu^j s tb^> Huge-?- > ^ y > pft'^ 
^WLfrbrnttZfozm^rt-^zry p * 

»(c»LT— S<z>««BB«SrWfc*5««WJ!IP^SI:«rlE 

^«o«ttti, ^fc«tuta^>^y v^^p^^m^ 

^/j^ffi^^tL^mJfEf-v^y p y ^(OiBjfttt 



(9) 
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sux tm^wcfr h £ ft & huis-^ >^ y > 
#a*»e>m**ixs«»E*^y >^ p 

ffi t- «■ L T — 3fe^«* H« ^fc-fr 5 M^^'J^ 3M£ £ 5E 

w«tttt*«r— ISLrwjiBL-r, iuts-y-^y 30 

xm<nmmtti&. ^fcmtufe-y-^y n 

#a a> & au * £ ft 6 itufa-y- >zfy>?9x3y# (omwk 

£ z £ t -T 6 2 9 fc«B<R co#jft*# 

x3?(|<7>«R#tJB, ^^(iffjia-y-^^y >^ p 40 
^SjO^ttl^SftSHtflE-^v^y p y ^<7>iBRtt 

/^^ ^jm^^t!)^ e> tb^i £ ft 5 tuiE-y- >7° y > ^7t/</u 
^^^tH^^ft6fjts-!i->-7 o y >^ p y^w«a6tt 



16 

/^^w^a^&a^^ftsffiriEi^v^!; 

^?JroMlft«, ^/cfiitfjffii^^y >^ p 

^a^^m^^ft^HuiE-y-^^y n 

/ux zmtt^&fr h m * ^ ft s Mta^ >^ y > 
^a^^tu^i^ft^Huis-y-v^y p 

wjgfe^a** b to ^ ^ ft 6 m^>y° y v 
#aj6^a*sft*ttiB*>^y p y*cofi»3R 

»tc»ur— ^««H«*»fc-frS««*JW^a*r3E 
tc*"r5^tSr#«i:i-S»**3 5 ^E*<D3t«*^ 

ik*^Lr««i"S*«#««»tk*J»^asr3E«-* 
[w*«4 9 ] mm^m^m^mm^^^^ 

Wit, BE*tt*»»I**«#w^ + *^<o*«» 
»*^LT*«i-5*«»a6*»1lk»J»^a«r!Etc:W 
-rSdt*r«F«i:-r5«l*:il2 5 

5 0 ] WiS*«S^S'J#*«-^^««»«fc^ 

fc^— JSLT»«-r5*«*«*^»WJ»^a*r3E(c:W 
tfi:^r— »LT*«-rs*«#«S»1IS:®J»^aSrX^* 

t*#»i:i-SBI**E3 3 (ciatt^^ft^fl^ 
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[«*^g5 4] internet ^s^im, 
v- * 7=- a n# tc *5 v r — ^ ^ mm n\ m -c ffirE«*#*t 

153 CD^"f tit* 1 oicESc^SS^f'l^fiil 

i^^^Aflfi-fc^c&Pt*^ 

M^A^fuf£i9M^^ 

i»e«*»«# Jtwftai ^ « s 

^o^^MlS^fi (Hz) (f i= (N/M) fo + 
N, MtilEBt, hM&Wt) T'trjEffi^ 

HtfE«#»**M:«»»«#Sfi, 

fcp>/j^i:^^^)/c^L^vMa: (a) j: 9 ^ss^mE^ 

i/^fi (B) J: «9 tffit^BuE^Bt ^ V#7J*Ufti>*b 



(10) 2003-209522 

75 

rw</K)J {cfta-rsfiffik * hi/7^j>*BBftg 0 
0^6 -tti/Jptb**, r^Hj «?r ru^</i/0j co-?* 

U 

70 ^f^P^ • ^ y V • try h M-«&# 

51***12 1/^^15 3coi^TtL/0^1 o{dE<c03fejfcK: 

^ ^ mL^ANFI^ *> e> C «> Wids Tfc v ^4ft«B {^tftSEfS* 

-rs^jM^Ett^^s 

^ tmm m feu x*m m l x # b n 5 ft jt -»* ^ 

1K^*A^tr^EWffl^E««^t-EtSLyt:fa^»» 

mEfs*#ai*Jt-»*aij^«tt, 

VW?mWLW.i \ (Hz) (fi= (N/M) fo + 

30 *«*^»«»**a»£i-s*«#«ff»#a!i^¥ift 
mE«#»ai#it«»»<ifi^att, 

fo^^^ffll^^BuE*ff^3iit^^^^ h 
fe^-a^C^^a6fc^^L#v^fi (A) J: 9 ^Ki^HftES 

vMi (B) J:H6V^ESHt^ h^7A»^f> 

ru-</uoj W@^t5igt7 h^7^« g 0 

50 U 
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19 

®Bgftg[^iSv^«:ffirfB3®SL#vMt (A) 
ffiv\£&iiulE3&SL#v4& (B) tStWfcot, 

*{S#^m^ • y^—^y v • try b H-Mftcff 

[0 0 0 1 ] 70 
[0 0 0 2] 

ft^f ! J#fi (WDM ; Wavelength Div 
ision Multiplexing) fi N -*^7r^^^l^ 

$£Jfc<nWi l #ij : WDMft^r't td. Synchronous Op 
tical Network (SONET) /Synchronous Digital 
Hierarchy (SDH) feiH^ (#%:fcfife [l] : ITU- 
T Recommendation G. 707) {c&^T^tf) htitz*— 

KSrffl^T\ Bit Interleaved Par ity £ m£tiZ>'< 

lit, Sfel»IE:iWwraSi:«J#fi«i«*«:»So 

[0 0 0 3] HI 1 (d^COH 1 tfiJ^S^fl^-fiif 

ii N fcTy hl/-hf o (b i t / s) CD^ff #3fiSNft* 
(Nii2J£iL±<7)SIS) £:h,fcfttt:ft$MW#S«#«: 

«-5§-#LSSP 6 2 SrttSo ^m^if^S^ 6 2 f^Tfell 40 
^tftSB (SfslUft) 6 3, ^n^ttfcHffi (^ny^Jft 

— h^lf ^TF^-^^IW^ (NRZ (Non Return to Ze 
ro) ^fciiRZ (Return to Zero) ) -€:*UdJE 
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[0004] i2 {c^a^m 2 m^M^m^mm^ 
6 2- 1 ^ft5o rwtt*o*2«m * 

[0 0 0 5] El 3 Vt^m 3 ^JcD^S^f'J^fiif^- 

^Sli-S3t«^*8P6 3, **9jgUH8«fc&S f i (H 
z ) ( f i = ( n/m) f o + a : n , mfig^f^U a 

[ooo6] m4 m^o^m 4 m<o^m^\^Mim^ 

9 , 7 0 . 7fe57 v ?&^ 7 1 , 3t«^lftg|5 7 

*/^/u^^j*^*b 6 8fi, m n m i^mmk^ 1 1 (h 

2 ) ( f 1 = ( n /m) f 0 + a : n , m(j; § a 
0 (b i t X s ) coftff #0^-1' P 3/ h J: «9 

& $ iL^*ft*»w»Pi«# t * > ^ y > m 

3t^j«K 7 0 tc*5tt £#»»*BXtfUfl J: t9 

«i«P 7 2 3&^»btt«««3ft«aE»i«#^e>*«*»a 

[0 0 0 7] |g]3*5«J:t/ia4C0^5KfiSJ^, «t^h^' 

fife [2] :EPC«f EP0920150A2, ^HffiH 
(^^>^) tmp#* 0 9/2 0 4. 0 0 1) "Cfc 9 . if 
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[0 0 0 8] m 5 ldfi£*ff>^ 5 #^ 
[0 0 0 9] 

fg 5 0»J:fe5 J: rim 6 0"J tt!S*«<oJB 3 Mis J: 0*|g 4 #y <om 

*SrWDM^t*/Hftfc*rJ-*?iJic*ritttt)a)-efc 19 , 

[ooio] — ^f^fVrt-t^ii 
M«cr^t±n, isUft, 

[oon] Jfc7r^'<*^«*#«l-<fc 
«^b^if*«ft*«#^t:KBgSrftat?#, WD 

[0 0 12] *|gPJ{i, ll^)^f:l^t/^tif: 



5 

mm 



[ooi3] ±fz, *&W<nttmirZ>n#)\^ WMlfett 

ft «r*«ti- S d £ £ fe 5 o 
[0 0 14] it *3SWwWItt^5B«ttU t**<Z># 
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[0015] 

**w<7>*ft*»»**«#sai6«tt^ try 

-hf o (b i t/s) ^ff^NSMi (Nii2 

^ X <o #S "J #«t $ tt tz it K ft SHI 'J #Miff * * § * L r « 
[ooi6] ::r\ ^tKft H9iE«»« 

[0017] £fc $?^L<(i. tfjfsm^f-^^^ 
[0018] ^fc, l< f*. «riE«««*«f3ffi^a 

(^15^ T*(c«fi5>S il^lir^oV >TiSftiltR«rfT b ^ft 
W 1 *Jtt«c-e# , Rt^«fM¥Sii l fUlcotulB^: 

[0019] L< tt, *9igUBift#as f i 

30 (Hz) ( f i = (n/m) f o + a : n, mteg^S 

^0 [0 0 2 0] »*L< tt, »OilL»»ft35S f i 

(Hz) ( f i = (n/m) f o + a : n, m g ^lc, 
a (i^-7-fe y hJ^&lft) W^/U^HdStTy h 1/— h f o 
(b i t/s) <7>3fcff#C7)^ A^n y hJ: 9 

i/^v-7°y v^7^/i^^£3££i-&i^>^y >yyt/< 
so J:or^^n/cN^^ijo^>-7 9 y v^^/u^^ij^ 
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MrfB#»*#«l$»««# £ AWE* > :/ y > ^'^^x 

[0 0 2 1 ] £fc, £?£L< te, ^«9iMLil^^ f 1 
(Hz) ( f 1 = (n/m) fo + a : n, mteg£* 

ftfcN^-r^/t^t-> h hf 0 (b i t / s ) O^it 

[0022] £fe, #*L<fi, S^iSLJiiK*:^ f . 

(Hz) ( f 1 = (n/m) fo + a : n, mfig^ 

iitat^yyOoy^i^^ fulfils 

fE-y->^°y p s^mj; f? f-^^y 1 aw 

[0 0 2 3] £fc, L< te, *fcOigLJ«»»dS f , 
(Hz) ( f 1 = (n/m) fo+a : n, m(j:g^ 

f 0 (b i t / s) W^jff(?)^^^^P y h X V ^ + 

^v^v^y ^^^^i^^^ij^^^i-^^v^y 

yts</uxm&£.¥&k, t^F^hfo (bit/ 
s) <D3t«#3& s N«ft#lt (N«2JeJL±<7)SIS) £*bfc 

^a-css* L/cNute-y- >^ y > ^#'^*^] £ 
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£ N ^ -r L , mjffi^m^^#^ «\ 

fc SufSN ^ ^ *;KOl«3S««Pfl*d* 

[0 0 2 4] £fc, »*L<tt, fcTy hU— b f o (b 
70 i t/s) (03t«#* s N«»*a: (N^2J£JL±(7)SEl») 

»9 5SLJHiSJfci&Sf 1 (Hz) (fi=(n 
/m) fo + a : n, m»±a^*, al±t7tyW* 

^hm^-r^m^^y^J p ^(aotii-^ 
iu % m * , * s ftfg-^-FnfC'* ^ ^ - 

[0 0 2 5] £fc, L< fi, tfyhU-hfo (b 

i t/s) (?53tfa^-^N«**fi (Nfi2J^±co^ifc) 

iltR^I^ J: o T XtR $ n S r£S Ml W"T S 311RJfi«#J 
m^&k* »«9iSLH«»35S f 1 (Hz) (fi=( n 
/m) fo + a : n, mlig^ attt7-feyM8 

^:) wfy^y y^^D^^^i^tat>7°y 

Hufs-y-v^y p y ^is±#a^e>iB*i"5«HB-9- 

>v°y y^'^n^^icj: 9 -y-v^y 1 fio*^ 

40 - h#S^?>ai*i-« 1 ^--v^/^*^ Mf-^^ 

[0 0 2 6 ] £fc, L< tf y M^-bfo (b 
i t/s) <n*«#d«Nft*** (Ntt2JeA±0»ft) 

50 iltR ^ tc «fc o T i»R $ 5 «ft ftl »i" 5 MIR ®Z&M 
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*9igL««RtfSf , (Hz) (fi=(n 
/m) fo + a:n, m(±a*S*, att^-^-feybJS* 
») tv^M^^ 7 M/-hf 0 (bit/s) <£>3t 

[0 0 2 7] #£L<tt. ilttDigLJBSHRas f i 

(Hz) ( f i = (n/m) fo + a : n, mtig^ 

hfo (bit/s) N«*£S (Nte2J£* 

_btf>gft) mJlEi^ 

MIR z6^r £ »lR*«««i#a ^ £ IE *T 
iiiR • #*S*Lfc l ^**^*Rft##l#«{f -^-^^ 

[0 0 2 8] L< tt, *0 iSLJBjftftdS f , 

(Hz) (f i = (n/m) fo+a : n, mJig£* 

it a \±if-7^v vnwm -c^u^Sdstr ^ h I h 

f o (bit/s) ^^f-§-^^-C y h J; «9 ^ + 

3fe/*/u*?iJ3S£#&£. fcTybu— hfo (bit/ 
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[0 0 2 9] #* L < li, fuf£^S^i'J#»f 

> ^ y > ^ft^u ^ yij*^® «b ffl ^ £ tt s mi fa*^ > 

[0 0 3 0] ^/c, $?^b<{i, Hfj|a5t^fi5>#i#Sfs 

[0031] ^fc, l < fi> mjiamMff^^a 

ffiftSJ ^SR -Cfij SLtS^S ft Jt«*<^H[* 
[0 0 3 2] *fc, L < «rK«*»**it«» 

HSWtt, ^P7^i«f i (Hz) (f i = (N/ 
M) fo + a, N, MfiiEft, afi^-^iry hJISft) 

tt« ftffffi *a , *> 5 ¥*S W WE # 
ff{ffi^lS:<h, fe^/j^^^^Tt^L^i/Mfi (a) J:^; 
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LSvMK (B) £0 fc(ftv**Me««i:;* h^7 
lj t rw</uoj o^r^tto^tt^Sir^^fiH 

tt^tt**, rw</nj t ru-</uoj cD-frtb^H^ 

[0 0 3 3] »* L< tt. WIB4>*BB«ff«^a /0 

h^7^?> 2 o<7)ffi:*:ffi S(MSaE<z>i*v^£ 

e (b) t-tZo 

[0 0 3 4] 

[0 0 3 5] (* 1 <DH«£ffiO H 7 1 
^c^7^i- 0 fcTyhu— hfo (bit/s) 20 

m-^tt, «s##j#p»ei5 1 1 ct r> &&ftm#m z ntz 

[0 0 3 6] 1 9 "C«\ N^-V^/KDlt 

flJS'JofltfEftJWB 192^ £H1 ;t, £ fctciJBSctt^ttl L 

9 2(-^ltui{- h y ^f^fflts^tiaDtn 

l ^f)Nft^KDr- ^^Bf^^J^f- ^fcLSgfl 1 9 

5(d^dhi-5 0 X — 1 9 5 -Ctt, N^^/KO 



DD 



[0 0 3 7] (i2f)IIfl) i8i;, *&m<r>%2 

ffc^^-To t'^U-Ffo (bit/s) ^|f^ 50 
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n^s^s (Ntei£U:<&!E*) *nfc*«e*»«*i: 

CO J: 3 ^Sa5 1 9 l*Wl2J#a$ 19 1 "CNf" 

[0 0 3 8] *^fs#&3Ig|5 1 9-CTte, N^-Y^/V-^m 

l<bSrflt;i, * (d«JE(ft«p» 1 9 2 , ^o^»E« 
19 4, ^J;(;f-^Wl9 5^ii5 0 rtf)«J# 

9l9lfi NflKDA^* 0 - h <t l m<r>M&i%$fM l 9 

2<Dg^2r^-*y0'l j&»P>N*TN ^n5/^^S£SP19 

K^rtt^c rr-C«I#<Dl$|BllBI« ClixttfcS^* 
T> /M^BH* LXV^ ^ (5 L ^) Jiffi* (HIT 
#5t(?)i:t5o ^^iHWIfPl 9 2fi, A^^n/c 



*uc o ^ t Ttif p°p K^-^ 7 ^ — ^ ^ W flfi i - 6 o p n p JCWtf 
[2] {^isttwi 5*42t*PWiStltfM!fi^7^— ^WflS* 

[0 0 3 9 ] (JS 3 <75**»1IB) H19(C, ^^P^CO||3 
ftiZ^-fo fcTs/hl^— hfo (bit/s) ^11^ 

-^-^ LTm^if -§-^SSl5 1 9 Cl^o 
[0 0 4 0] ««« -^-^s^ 1 9 -ett, 1 ft^/^)i 
mm^r&AJj-tZ> liroA^*'- h^r«EEi%«PSPl 9 2 

^ N pziy? 'mzu i94t ?&mu 195^ 

SP1 9 4 ^^iS^^/c^ p ^/^) (^f^I^LT^tL^ 

^^wflfi*few»JBBfi»3*-r5ds, [2] tcta 

[0 0 4 1 ] (l4(/)t»I) Hioi:, 

4 ^ **?BiBt-*3 it ^ ft^s^f #^ =-- ? 
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A i 9 ^w-f & 0 *ft«»#i^«ieB i i ttx try h 

hfo (bit/s) (N(i2J^ 



/3 



3tLre«3ftffi^»ft*tc^iji-rso u-^y^^p 

7tt, IfctligLWft*^ f , (Hz) (f 
i = (n/m) f o + a : n, mttg«SiS, a te^tr 

[0 0 4 2] KJi(7?**tC*3V^T, *««^»]^KSB 1 
1 £*«^tfeSfll 5CJ:l t^ 7 M/-hfo (bit 

/s) Sr*i-S*«-»«r«*»KK«*-»*-aB*l-^ « 

«9 , -y-v-^y >^ p ^ig^sp i 7 7^b3§3rf 5^ p 

y^litftf i (Hz) ( f i = (N/M) fo + a, 

[0 0 4 3] WGiJ-r^y 
»f±«3fii-S35^ mj^^#%^cj^ [2] icRtto J; 5 

[oo44] * jiifi?»fstt % « # * yh^—b, m^m 



ft #<0*« fp p pfSI^^^ 

[oo4 5] *siMi»«"Cfi, mM-y->^y>^ 

£ffl^Ti/^fc£>, 7 f c:-y->7 0 y >^7i(^< 6-<T^m^ 
[0 0 4 6] (JB 5 <z>M6JBIB) Hi if-. 
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w^Si 2 3 (Nte2J£JLhtD^ifc) . N®<nitm&yt 

5 & J; tf««fB#*&Jl§($ 2 6 ^ft6 0 
[0 0 4 7] *^S^f ij^Mia 1 1 «\ ^ yhV-M 
o (bit/s) <Z>*«*36 s Njft*#a (Nfi2K±« 

jgSctf* f i (Hz) ( f i = ( n /m) f o + a : n , 

h f o (bit/s) <n%\%%<F>$4 A^n y }>£ 

-So 

[0 0 4 8] N«<D*j»JK*#jBCK 2 4 fit, 2 

3 x^m * tt^*iK*^S'J5>Bi«-^ t >^ y > 

5tt, *«M^if2 4^^tt^#^»§S^ffl^^ 



Sit ^_bfB'y-v7 p y y^^/^^J/j^^iStao n 

[0 0 4 9] m^ff ^lt!5 2 6 « N JtnM&U 15t 

^cSfc [2] (rffi^c?) j: 3 ^^^p D pSWfffi^^^"^W 

[0 0 5 0] «±<75«^^*3l^r. 

yyy >^^ffiv^r^f-^^^^^i | J^-r6 0 -f 
^o *«tfi^#]»Bfg!5 1 i, -y-^^y v^*^^ 

*WS£SB2i, t>7°yy^/^M»2 2, N 

iflf 2 4, *5j:0 ; Nf|il^7 , c:^^^2 5 lei «9 , fcTy 

F^hfo (bit/s) jt^-t&ytm^rt, mvm 

L««»3fiSfi (Hz) ( f i = (N/M) fo + a. 
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[0 0 5 1 ] ±m^>y ] J >^ffil£ J: 
Wj&cft #%3c§K [3] is?t£¥<r>'& 
*PfiMfflv^^ir«#5 [3] *A 

fii«**«»»JSftJ , «^««iift^»^:te, b- 

1, vol, J75-B-1, No. 5, pp. 372 
-380, 1 9 9 2fl 0 
[0 0 5 2] Sfc, ±e*BS*BBB«#tt, ^2#CiSlli£ 

susft***. mmmitm±. 

[0 0 5 3] ^USaJfcffilt mfx!i<7)^4^*J6?^lii:l^ 
K#ft;*««-r5#ifc&, 1 l £>1^ 

[0054] ^/c, *sat3fgtstt % ^>yv>^^m 

ot^5:H^, fl-^-bfy h I' — h f o ^^^rv> 

»&-ct> f i &'hts<wtj£x^ %(dx\ ytm^m*^ 

[0055] (*6 o^mmmm) mi 2 *&m<r>w, 

■it *&«^S'j^fiSffl5 1 1. N«o*y— hSfsi 7 
mi 7, £ ummt #*0s3» 1 9^#i-^ D 

»!5>PtM lilt fyh^-hfo (bit/s) <n% 
ff-^Ni£S#m (N(i2Hli7)tft) £;h,fc#S*# 

»*s«*£#R*#»$Mrr5o -y-^y >^ p s> 
^i«i 7 it mviEi,? p y^sftfRjfts f 1 (h 

z ) ( f 1 = (n/m) f 0 + a : n , mteg^ifc:, a 

[0 0 5 6] hSRl 7 1 li^-^-y^^r<J:(c:«x. 

try hi— h f 0 (bit/s) <7)*iKS^f'l5MB 

-y->:/y p ?/ ^icj: t9-y->:7°y >^i"5o Nfico 
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#«aaft»i sit ^f^^r^^^-h^i 7 1 

-^(-^m-r^o MMfa *«i3ffi» 1 9 it Nfi<7)3fcS3E#! 

mi s^bmti^ti^N^^^<Dm^^^mim^r^ 

[0 0 5 7] *fls«||£lt httl 7 1 It »*)M 

11M f 1 (Hz) W^Pyh (=l/f 0) 

itti 9ft \ 5(cj:^#6nttyyy > 

TiBlftU t<D^>^V ^«««#&a£lc#«#3*« 
[0 0 5 8] r.^^^^f^p^p®^^^^ 

Sft w^if ^fpf^e^ ^ t-iffi ^ ix t v 

-^-y->^°y y^^tM-iMfv^y >^mt 
tt, ##^ci^ [2] iciBgjsixTv^fcotraat-cife 

[0 0 5 9] Hll3li % *?gKW*fitp p Df : t=^81 

^7aw u^</^^^o— mzwiw-f- z> tz tb <nmx-fo 

30 Mi 9lim^ff-^^t: 0 — *K<nikmATJfijfrVr$:fft£^* 

^lt, wCo*»a<7Dt ^ h^^A^^-r^-y-v-^y 

1 h 0 J: B(Ev\SW£t ru^/woj tit, ru-</u 

[0060] ui 4 it ^mnitm^&&^-?^w: 

40 (ClibtlS^-hSl 7 1 60^1 (7)«fiSc^J^f^0^i- 
5/c#>(?:>[g]-r\ hM 1 7 1 li, 3Av?s*l/-^ 

171U, /WT^T 1712^ EitI 1 7 1 3 
«»i»iRS!*X»J* 1 7 1 4 bfrbm&ZtiX^ 

[0 0 6 1 ] U — ^ 1 7 1 1 li N m&WC f 1 

(TDiESSt^i^ >^ y P !X ^ ^fa-f ^ G0/h£l^ 

/^/u^^ij^a:i?f£«Mi 7 1 3 7^<7)ffi^mjE£'MT ^ 

T171 2CJ;otHU m#fRHX^*^IS3S§ 1 7 l 
50 4(Dllfl fttSo hBlt ««t^^^^tf— ^ 
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P ^^^^^-^(18 p s ait 60^— h^I^-r^r 1 

^s 0 mis^^m^^^sMi^^^ 

1 0 p s X 9 t>M< , v Y \y — h 4 0 G b i t / 

[0 0 6 2] 015(t «P^^)Mtp p pI^^^SI 
Id^^S^-- htPl 7 2cD^2(7^^1^mP^-r 
Sfc£>CO[g]-efcSo 3ty— F^17 2(t 3^s;i^i/ 
— ^ 1721^ /^T^T 1 7 2 2 ^ ttltl 1 7 
23^ ffitBfHSEjSB: 1 7 2 4 ^ IB 1 <75«|fKHR^*: 
2£ffl»l 7 2 5*3j:r^JK2<D«#»iteS!**»l»l 7 2 
6 £j&*k*jS£*L5o 

[0 0 6 3] r <£>3ty— hSBl 7 T 
X T 1 7 2 2 ^tMfl^-^ 2 otC^fiJ , 

om^ff ##JB l w«#»iRffi*aE«» I 7 2 5 i:i2 
^«#aHXS*^PSi 1 7 2 6 <^(dA^£n. 
l^ilKIMl^ 1 7 2 5, 1 7 2 6 id ct oT MI#(d 

>^y >^£hs 0 ^co-y-^yy i/Wi&m 

ld£>l^T, 1 <0«#»lRS!3fe£WB 17 2 5 

^I2wi««rwi 7 2 6^t^y 

*tS^-f * i^SrfMfii-Sr £tdj; «9 , HI 4 (d^ L/c 

l a**<o*y— h pf$ l 7 l J: 9 Miofy 

^y >^ P ^ ^(^s^jctt 5 — 6 P s sswy- b 

i^#5r^ s T't, 7 0-8 0Gb i t/sSS^f 
[0 0 6 4] **5, Hl5I^Lt2ftil*(?)*y-b 

f 1 7 2 5 ^12 <D«|f P^ilX^ ft^Ufff 1 7 2 6 £ 60 

Rk *L<tt, r*Lbw*JMSHxa!3tK»l»i 7 2 5, 

1 7 2 6<Offl«{C, f±WD7r^^^K^ 
*3te«Hi**^**t*» 1 7 2 7 Sria«i-5«^i: IT 

[0 0 6 5] (17 wHJS^ffi) mi 6 ^0^)1 

1 <a<^*:^— hii 7 1, -y-^y >^ p y ^ 
1 5, *3J:u««««*«lsi«i 9^w~T5 0 -y-v^yv 

^^n^^H^SPl 7(1, H5igL»jft»36S f , (h 
z ) ( f 1 = ( n /m) f 0 + a : n , mdl^^Sfc, a 

0 (bit/s) Wift^^-fAXn y h J; «9 h+ft 
^v^V^y %$£±1rZ> Q b£fll7 
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-ISlt*^ htf5i7i *JB^T#&ixfc#y— Ml 

[0066] (is (nmmj&m m 1 7 td^^co^ 8 

1 5 % *5 x unuiB^-^M^ 2 6 

[0 0 6 7] -if>^°y y^/^^iJI^2 1 B\ |ft 

^I«»f 1 (Hz) (f 1= (n/m) fo + 
a : n, mfi^^m. a tt*:7lr y b»tt«) 
♦BiSfcry b 1/— hfo (bit/s) cD^ff#CO^-< A 
*p y b «t 9 ^+^^V^V7°y V^ft^A^iJ^^I 
t§ 0 *M«3 1 fi x tT y b b f 0 (bit/ 
s) <Z>*fB#J& s Ntt*#a (Ntt2J^±<7)filS) Sftfc 

20 s a »mi2 4«*-&«tSB3 ir*^s$n^* 

So 

[0 0 6 8] NiH^^m^m^ 1 5 fi N Tt^S^f'J^^I 

S 0 IMIf-^M^ 2 6 11 Tfem^^^R l 5 (c J: 9 

^ [2] ^m^xo^^^wwv^y 

[0 0 6 9 ] J£JLh(0«j£|C:^T, 

*5 J:tJ«3fe&S»»l^at*l5 1 1 «-<t 0 , fcfs/ b b f o 
(b i t/s) ^-rs^ff-^, **9jSLjl«*d5 f 
^0 i (H z ) ( f l = (N/M) f o + a , a (i^^ir y 

MM?S§ic) r^^/u-^'I'I^^f-^co^-f a^p y V J: 0 t> 
[0 0 7 0]»^ Ni(?))tlf^l 5(cJ:>9^S 

«fcS*«*»«»*»J£tc*i, fjiic?D#%^:(^ [3] (d 
5(9 fc, ±Effi51ffiBI«*tt^ i2?^r«i^ fPMIift* 
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r kick vftZ>^ kfcx^z> 0 

[oo7i] ^mmmmx^ 2 4 1 u 

[0072] -^mmmmxa, ^mmn^xh^ 
xmmx^^itm^-^^ h b&fcmmx&>z> 0 * 

[0 0 7 3] 9 ^^fe^ftl) HI 1 8 *&m<n$S 
ate, 3t«tgiltR8P 4 2 , JB«ttftfM1B« 4 1 , HB<£> 

[0074] ftseiitRSR 4 2 rat, tr ^hwhf 

0 (b i t/s) (73*«-»^Ni6«#* (Nfi2£t±W 
SrilttRU «*«»#I»I«-f"So 4 1 

*jfe«a*R*as4 2tc:j:o-c3iiR^n52S«^^jffli-r 

&M£ti1ti^**ji><nftfe&ftmftmi&^&g:ftLX 

[0 0 7 5] ^>^y *y?m%.Ul 7 te, ft t) 

ILJIWf i (Hz) (f i= (n/m) fo + 
a : n, m a te^-fc s> hJMSR) W>7 

!ly^py^Sr«it5o SMff^SSlU 9te, ft 
*3gtftffl5i 5^e>tB*i£n£ 1 ^*/K£>a«»*MI 

[0 0 7 6 ] «±</>*jftl-*3^"C, *&S31Wg|54 2 
iTyhlz-hf o ( b i t / s ) <Z)#St*#»]*l:«* 

aspi 9(i, -^>^y >^ n ^ 1 it^<r>^ 

D^Mf i (Hz) (f 1= (N/M) fo + 
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&m£^>7 0 y y^'tsr^a otai-^MM^ 
tc j: s jEt-fi, m <o tif v ^ 

[oo77] *iwi-ei^ a«« #«yffi« i 9 km 

5*-C^*tt*»*R»4 2 ir31tRifiS#J«ffi4 1 £rJ^V> 

i 9— <oA*dsi**t«-"e#, mum^fe 
a3& s «wtstt5«, 

[0 0 7 8] **lt»llB"Ctt, «flJS*t*-e*>s*R* 

let b-f*— WlHl»^*#^b^»»M^*if^*«# 

sstt, a««»*Q i 3a«c**ft#tt36S4<, 
20 fer*fcsfci6B#^^j-ew^s^pit^-r^s^T\ lift 

-s-atsas 19^1 *tt(c-c# s asaaaw/hSKt; • 
[oo7 9] ^/c, ^mmmmx^m^^^]) 

[0 0 8 0] (S10 CO^M^ffi) H 1 9 JC, *^PJC0 

^^gii, 4 2 , »tR«ft«HW« 4 1 , 

l, naw*a**»i 5. *5j:t^a»«**Qfa*P2 6 

[0 0 8 1 ] '\kvL<r>% l l (DMMM^ 

112 4, f-v^y >^*^/u^M3B^»2 1 > 
^25) C0>6^ «9 tC, ^5 0>*ftJKHldK*<^*y— h 

^o si 7 ldaji^v^y p v?m±m 7^^^ 

ft5)«#l«Lfc«, N*jK3fe^J*aaHft-r-6-i:T?. l 

[0 0 8 2 ] Tfe^giltX^ 4 2 tT y M/-hf 
o (b i t/s) 0>#«-ij-2&SNtt*#* (N{i2J^l±C7D 

50 ^ItRL, *«^^#l^fili-So 3ltRft**J»«4 1 
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tt, 4 2l£<fcoTStR£fr5Rg&ffl«i"' 

IStf* f i (Hz) ( f i = ( n /m) f o + a : n , m 

■yv n-^^-fy >?-fz> 0 

[0 0 8 3] ^tmM^M i 5 {* x h»171 

h«# (J»9iSU3iftf£f i (bit/ 

s ) xi$s) ^^tLriMMtlff^-t-ttt 

m-f&tiK [2] (effigy £ 3^waifF 

fifty* 7 ^ — ^Wffi*ft*>afflT* 

[oo84] (mil (vmmjtm) 120 ^*jbww 
mm*. 4 2, jitFijfifiMfflisp 4 1, 



38 



[0 0 8 5] ftiSSiiltRSR 4 2 tt, tf y hi/- h f 
0 (b i t/s) ^*lf^^NSf#l (Nf4 2£JL±<0 

fct. «f I»4 2(aotIfR$tl5iS^Wt 

So f^/y>^^««2iii m<oMi,m 

$£38c# f 1 (Hz) ( f 1 = (n/m) fo + a : n, 
h U — h f 0 (bit/s) <D$tiS-%r<D*>( J*Xu v V 

^»»3itt, *jR*aiR«4 2(cj:o-caiw • 



[0086] 2 4 3 1 

[0087] ^m^m^i 5{i. it#®M2 5^e>a* 

1 5 7^M#^ti5 1 ^-r*^^«*C34t*aCIB«*^?>* 



10 



20 



30 



40 



ft^fti <d &WWt$'< y*—$ M*8s t if ffl "C # 5 o 

[0088] a±<o««t^*3v^r. 3t«*aR»4 2, 

HH^3fe^»a5 2 5lc£ 9, fyM^-hfo (bit 
/s) &*rr 5 **5iSL«ft*3&s f 1 (H 
z) (fi= (N/M) fo+a, alit7t5/hM 
IS) ^/u;*(lj&s*«#<7>*>r A^n y h J: «9 

[0 0 8 9] ftS^tfeBRl 5tcJ: D-hfBfS&lft 

tv^yy^SSrffl^S, :w*t^/y > Affile J: s 
#«*»flMMij»j£fc:«:, ffji£o#%3:i& [3] <nyt^ 

y/yy^^^^i^§r<t^-c:^§ 0 _btstss 



50 



[0 0 9 0] ***JBtt"Ctt, »8!l3e«-*t? 

iliR^54 2 i:91RftftMftiA4 l Srffl^Sd^KJ: «9 , 
*»tt-ett, Mf^If 2 4 £ LTtSSffiM{f-^C0 

[0091] ^7t, ***»iiBt?fi, tit >^y >^ 

2 4(i^T^7 I c;jf^S{c:Mffl-e#^^b^V> (JK 
Sft**-!*) ^> MW3 1, »^If 2 4, 

[0092] (S12 co^ft^^) H2iit ^mmo^ 

y-b»17K #«*MR8I5 4 2, ^tR«Sffl»Sl5 4 
1, Hi^^ffi^^l 5 % *3 < tt) { «*«#«LS«2 6 
^ff5o **16?KKtt^ 1 o^^jftff^j^^ 

»«»4Rap4 2 ^aiR»ftWJ»sp4 lis. Tt^-h^i 

[0093] -^->^y 7«, 
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iSUMMftaSfi (Hz) (f 1= (n/m) fo + 
a : n, mttS*S*. a tl^^ir y Y Hftft) 
y o h»l 7 1 tttfs/ h 

U— h f o (bit/s) '03fcfl^i&SN8iS#fi (Ntt 

7<D^>^1) &y? 
tcJ: *9iJ->:/y y^t6o *8H«»4 2H 
h»l 7 l^t>m*i-S*0 3SL««*f i (bit/ 
s) xNig^f^— Mf-^£>ffi&<£> 1 ^"ir^A'SriltR 

[0 0 9 4] 3fe«^8lSl5 15(1 T^SiKR^ 4 2 ^ b 
tU*"rs*y— Mf# (*S9igLJ^J6»f i (bit/ 

So 2 6 tt, 5j&»P>»fcft 

«ri?*-r So simmer > — * eDfMffi**<&BMWtt* 

[2] (cifB«o<t 9^£n<Oa p pKf¥ 

[0 0 9 5] (S13 CDj«B»j») 122 JiH«B0ja>* 
1 3 (0|t*»tt<0^*tS = 

3 1, l«<D*j»?R*^«Jt2 4, *tt*»««4 2, 

*R«fc*fM»«5 4 l , lfiw*Mft»l 5, *5j;OTt 

2 6 ^rW-TSo fulfill 

t/iltR«SWJ«9*!5 4 ys*»M#«f2 4(0«ajc:E 

[0 0 9 6] fyyy >^^/i^iJ5§3££i5 2 lte.-m 

VMLm&m^fi (Hz) (fi= (n/m) fo + 
a : n, mtti#S», a y hflftft) -C^/W* 

hm* tr m — h f o (bit/s) <o^m%o^ $ j j± 

i~5o 7t-&SSB3 1 tt, try h U— h f o (bit/ 
s) <75*«*3SSN««#«[ (N(i2J^±(0^m) £Hfc 

[0 0 9 7] «M«f 2 4 tt, ft^fegB 3 1 -C^ 

;<;i> * ?ij <D ftmmt SSfPffl i^i" 5 o 4 
2tt, *«JB*fif 2 4 35^ffl*i"Stfy hU— h f 
o (bit/s) XNjft*OtiStail*:ft-^^ Affile W 

[0 0 9 8 ] yttt&HMl 5fi, ftSSMtRBIU 2/^k 
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wm^mommmk^i-^^K ##^c^ [2] 

So 

[0 0 9 9] (|14 (OHJffi^Ji) i23 tC^PJKDfg 
14(/)I1I1HT, *IiWf8, Hi 3W» 

3 1 t#«yB*¥K«t2 4*rfflv^*a55W w*rt««r^ 
»2 7£«£5££*W«fcL"C^£o r<75«jRWJW» 

tib^$tiS-^>/y ^^^^^^Jo^^i^^*LT 

[0100] ^-^v^y y^ii^*y- bgp 

20 17 1 ctif^y o y?m±Ul 7 

(S7fcJ:t;»l 2^^^McOH 16^21) 

ro«jR«#tt^jcsi:T«asfMiw»2 7^vn^ 0 - 

[0 10 1] ^/i, *ft*»»#*«#^^*>9(cil^ 

ttSct^^^^ (14 joctt^m i wiliiwi i o 

t20) , bWl 7 1 IdAtt^JtS «t 

tt, fflv^S«jft»»2 7fi HtJ;v\ 

[0102] (|15 ^Hlfi^lK) i24 ^**W^>«S 
1 5 (DMMl&Mb IT, *|g^(7)^5. ^8, ^1 1. 

» i 3 <Dmmmm<D^M^w\^mm -%*~*mmz.& 
^2 1 ^^?s^2 3 (£fcj*3 1) tftmmft^mK 

^*«*Wttft^*Sr»J»-t-Sjfift»*«l»«fB2 8 «:« 

t*flri-s**Sr*ri-So r cojK*»»*j»« 2 s t lt 

fi, 2 «l^±(7)«ft5>ftM«SS 1 7t^557 K *'l^^^ J: 
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Zk&T*£Z>o D {C 1 

(lift*) <7)*:fs-^^^^3t^K{cAtt^ 
ttSJ;5**fr (l4ioj:(;iiiw»Mio 

[oio3] ^Ti^, Jc^m i -is 1 5 (ommmm^ 

[0104] (|16 <aHttffl£«B) El 2 5 <7) ( A) , HI 
2 5(?) (B)ti;fc38^<£>!Sl 6 <DMMMM<Djft^ y 

[0 10 5] ir*>ba>»&fc, **yM7-^ft SO 
NET/SDH7 I/- A^ 3 A T Mt I P y bt£ 

^it-^il^^v-v y r »icsafci- £ r <k ic: 

So ZZT\ Kl 0 2tC*5V^T3fe 

[0106] *mwx*te, &m<nx o 

[0107] 126 {C^^JF^JClioitSTfe^S^^^ 

#*» *» 2 0 2 »2 0 4 £ 

tt. »B-BJ»SlS2 0 6^LteM2 1 2(Ci£{f S*L 
So ^{f^if^^2 1 6 (d^l^T, A^L/c^f^-CO 

So ) 2 2 Old J: V ytm^&tiL&ff 0 o 

[0 10 8] ::-C\ )t»tt»2 i 8tt«J3So*5g^^ 

|g4, |g5, fg7, 18, ^1 1 W*tt»lfit£*3tt3H 
1 0 ~H 2 0 Wi^CJo^Tllif^l© 19,26 

^a%(D*:^^60^4 x 17, 18, mi KDm 

mmm^tertzmmm^m^i 9, 2 6^^^ 

[0 10 9] ftjf-^e~*£|S2 2 012, W-Srfcttt^lfcffi 
%»Jj£SR 2 2 2 <t fcjSHfclBJBtttHS 2 2 4 t Jt\t #D°nf?f¥ 50 
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tt*J£tiM&8!£AS 2 2 2te, £>St£/- KO^f^^if 
«^2 0 2 ^{dic?)*:/— KW*« *» 2 1 

eiS8&2 1 2&fcm^ftiw^<nin^ttm^i£&wc&m 

^-TSo *J*MfcliJBtt« 2 2 4 tt % ^J^i^A^idfe 

^^^*w«^^v^ffi(c«#^»«it«»a'j^a5 2 2 

f!Mffi£|5 2 2 6tl v^t" A31fflB#id^o^T — S^GSPflRil 
IB^«*»#WJfc«««JStt^ 2 2"C8J^LT»e>ttS 
«*»*t#lt«fBcO««r, a»ANP^aB^ffi|E1««F|5 2 2 

[0 1 10] fcS^/- Ktf>5fc« #S«i8^ 2 l 6 irftfi 
<n%j— Kw*«#S6«*» 2 0 2B^tt, ea^K2 l 

2»ffc ^f^-^^|5 2 2 OO^-^-^it^^^f-^- 
^jf^^2 0 2— SfcftOftlW^ -Y^/V2 14^ 

mtfbti, *7t, ^f^ft^2 1 6 tytm^im^ 

M2 0 2WWtlC, *=^ttf*»M»»2 2 8,2 1 
O^i^ttb^So ^E--^t9*#JW*R2 2 8, 2 1 011 

ftim^&WWMU 2 2 6 tci^oitS^ff ^fpfffiClo' 
v^r, l 2tc*5«tS|»*>5cif{CjBBgi-5*W* 

l 4^riiCT^«9 ^ «9 1-So 
[0111] 3fe« *» 2 0 2 CL&ftHQtfffi 206 

j&SRftbixSo i e^^««WJ»*»36*5?2 l oco^en^tf 

^(dS^V^r, g^f^2 0 6^i^iM2 12f) 
[ 0 1 1 2 ] m 1 8 1 6 (DmmMMO^B 

[0 1 13] ^f^7°S 1 : f5$*/jS/^v^3M(7)^-X^A 
^AB#tdff-^^ : i 1 i:b^mi l J^2 2 2(djo^T{f^ 

[0 1 14] *^y-fS 2 : _h|B^^y^S 1 T^iJ^L 

[0 115] ^fy/S 3 : iy^^ A31ffl^^(2ff # 
*t*t*Jt«ScSJ^SR 2 2 2 K*3l^-C— S^WWiraH!t?fg 

[0116] ^T-y^s 4 : ff^^^lc^iy^i- 

si^^ffiMt^ 224 <Dmt &m-t&o 

[0117]^f^S5: ^p D nIWffi^ 2 2 6 
^ffiSfc-^-^lfSi: Lt^^^WJW2 2 8ic^ 



-22- 



(23) 

43 

[0 118] 6 : *r~*1tm#Mib2 2 8(1 

AHIJ8)2 0 2ftlJCO^E-=.^«a*JfflIffi2 1 0Mte*:5o 

[0119] Xt^S7 : 7fe{f-§-^f^2 0 2 CO^r 
~*ft«SJ#P«5 2 1 0*iS« Lfc_bfE^*1f#(-S^ 

^Ti&gtc/ecT&K^^tT? s*ftB«i«si5 2 o 6 

[0 12 0] ^fy^S 8 : iSg^Df^ 2 0 6fi-e~^ 
1ff«ffi|ffl8|S2 1 0^Motfeig2 1 2(D&l&W 

[0121] fs ###WJfcff 2 22c 

fit, [2] <D*«*iBKfta<Cif*rffl 

i^sr^as-o** [2] ) 0 

lslK*fcttflR^[HlK^b*S»f3»WlHlK) jftSf^gfft 

[0122] 128, H29 tt*«*iBfre«*:*IJffl L 
jfc«*»«WJfc«*»!lJ&Sl5 2 2 2 U 12 20 

£\ EI 2 9teyt^^~7 ] J y^tv/p^n^4 1 4£rffl 

[0 12 3] H2 8WlMf y^'ti/PX^- y 

4 0 4SrJfll^5»'&«: % SfSWfcTy M'— h f o (bi 
t/s) Sr*-fS*!*«agP«#«:*«**ffl4 0 2ic 

p^n^4 0 4iaot, fftfeCO ? a ? ? fflifoWc f i 
(Hz) ( f 1 = (N/M) f 0 + a , N, MfiS«C, 

SriJ-^y y^tfir t«c:J;or— SB*Pfl«-*5l*3«* 
«l#Jt««[W«Sr» 9 o ft-^SSBte 4 0 6 \t t x h ^ 

7 AWitp 4 0 8 t «**t«»it«»w«a5 1 xmrn-t 

i>aX^^--7 0 4 0 4"Cl#bti§if-^-^S^^7i^*!i'l I It 

^h^A*#ft5 0 «^»»Jfc^«W*S5 4 l 0 
[0124] 128 <7>»*teflHfi"C£>52& S s iftSprtB* 

^i-^v h - Kds*«ae*«4 0 2<ow«-cfwiss 

[0 12 5] — ^\ IE] 2 9(/)it>7°!J 

-•7 s 4 l 4 Srfflt )tty7 0i ;y^i/pxn 

N(middle)=N(total) xdxm 
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ytm^&m^mfciat, [3] icia*^*-?- 

>^y yn^fflv^i^st#§o 

[3] : k& ^ fiii ^fpJf&3^££flH^c#1^>' 
B — 1 , vol. J 7 5-B - 1 , No. 5, pp. 3 7 

2- 380, 1 9 9 2^) 0 

[0126] z<Dyt^>-yy ^^ttttn*BHfS**r»5 

[0127] »yyy y^P^^7 P 4 

1 4(1, 9f£<Z5tf y h 1/— h f 0 (b i t/s) 

5 »*)jSL»«*dSgf^ f , (Hz) (f 

1= (N/M) fo + a N N, MttKSfc, att^-^-fey 

— ^9fr^ I- *5 £ 3ft£5Mfr £ H ^"t* 5 0 

[0128] jf -f-fcLSSS 41611 t ^ h ^ Aff ffiflS 

4 l 8 <t{f^->ft$i : i : ^P:f¥fffi^4 2 0 

h^7A***5o B*»8»it«ftlHli*4 2 0li 
*^fe±IE^i|Sfc:^ h^7A^f)2lf^^M^) 

[0129] 129 (Ommtm 2 8 J; «9 fci*Jfiff>#«# 

[0 13 0] [13 0(7) (A)-i3 3(7) (B)ld, 

^jf^pS^m^^T9if^^^b^»i^2 2 2^ 

*3 «t 5 « * »** tb«*8J SwT/i/^HXAW- 04 ^ 
-To 

[oi3i] 130(7) (a) : ^-y-^y v^^-v^d^ 

3— ^4 i 4icj:§7t-y->-7 9 y ^fc(itMt>^ 

y ymnxn^4 0 4ia61tfy/!i 
[0 132] i30W (B) : #bft/c±fE*i£#*a> 
[0133] [1 3 1 (7) (A) : jgffl: X h {f^&tn 0 h 

[ 0 1 3 4 ] 13 3 1 CO (B) : M^^f*^t>^ 

- (i) 
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jpJffl"C#5wi:«r^LT*5 9, HS£^#£^t o ±X<n* 

[0141] 135 (iR*»tk<Z>j»»3&Sfe5»*Oj|* 

T—zm&^-to ±nm3 4<Dm&tmmz^ 10Gb 
i t/s(/)NRzii^ffli/\ tMf 

fc 0 a 1 pha^lttO. 3 It 8W*J&S»J3£L*: tT 
yhl&r)4* (BER) ^btSL/cQlX:^ <9 , 

(7) (A)—!H3 3C0 (B)W7/U^!lXiHt#ftfcftt» 

«*hb««c-e*)5o EI3 5t£<o=fi<nyu y Mi««# 

0 p s /n m(?)i^^LTl/^ a 

[0142] h 3 5 *«#iaifeas:*jffl Lfc«* 

-So 

[0143] (117 CO^ffiff^) 136(7) ( A) , E 



10 
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(fflLU N (total) ttif^lly^S, Dtt*fS* 

<D"?^— T--r— it (^^/u^ifigi: ^-fi=s^oy h<7)J±;) , 

Mfi^— ^ (xV V Z Mv&^teVf Z> l/^/U 1 <7)3B£ 
) ^^Si^^^y v^Scn (middle) ^a^lfi* 

mV =2x {m (middle) -mO' } 
[0136]EJ32(7)(B): #.<D (3) 5t£ ( 4 ) 5t 

A=mr -alphaW -mO' ) 
B=mO' + alpha(m1' -mO' ) 
III, alpha fc£0< alpha <0. 5<DMWcXhZ> 0 fag. 

[0 13 7] i3 3 CD (A) :132W (B)"C^*VhU 

l V"<fi> 0 (7)57*^:fc^T, ^rtb-^n^^iffi 

ml, mO^iMis 1, sO^^o 
[0138] El 3 3(7) (B) : EI3 3<7) ( A) XJfcbbtzW- 

mutmmtmmfrb, v^n (5) ^-c^^Qii^a^- 

Q= I m 1 ~m 0 I / ( s 1 + s 0) — (5) 

[0 13 9] El 3 4 fill 3 0<7) (A)-0 3 3(7) (B)(d 

Pm&^'to —mt IT, 1 0 G b i t/ s WNR Z{f 
*«TffiV\ IMf V^fflWCo a 1 pha<Dffl[ 

fiO. 3 t L7c 0 «WS|I)lLtfc:yh«ftU* (BE 
R) a>fc**L*:Q«rC*>«3, <fc 6 MW^Jtim^ 

p b pI»^LT^5o iWi3 0(?) (A) —El 3 3 

(7) (B)<DTsis=fv xj±xj&frt^m^ttm^fc&&xh 

[0140] |3 4lt E3 2 8*5j;t/El3 3(7) (A) — 

3 3(7) (B)xm^tcitm^&s^uzwmLfzm^ 
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l/^/U^m (middle) £"t~£ 0 

[0 13 5] H3 2W (A): #C<7) ( 2 ) 5£"C>R£ 5m 
- (2) 



20 



50 



40 



50 



- (3) 
... ( 4 ) 

3 6 co (B)i^ii^i 7^iii^-> 

mmx^m^m^nom^^cmm^r^^mm^m^. 
w\m£xm7£-rz>m*7*-ro e]3 6co (Am^WEH* 
5 i o^«x.6 y >rmi3L<n%*y vv— ?x&><o, it 

ADMyy^^t)^tl^ix5o [13 6(7) 

(B)ii^ ^>al^f^y M7— ^"CfcSo 
[0 14 4] i3 6C7) (A), El 3 6C7) ( B) <D tfh 

M7-^t*at5#*/- K5 0 2 

5*7- Ko*SSflSl l 0 4 £ffitf>#y — Y<D%m 
^m^m 10 4 i: OPSJ-C tt^flff^tt 5 o - 
<r>%*y hy-^l^t */-K5 0 2 {z.$6\,^xytm^ 

[0145] _b^(7)^ 1 6 <75**JgH8fcl^«iC, # 
[0 14 6] 13 7C, 13 6(7) (A), El 3 6 (?) (B) 

5 o 4 wrt«*^l?r^t, El 

2(7)7 , 6^ff|§6 0 4fC;i3V>T±tk#;W -ViClft^£tl7c 

if£*L5o tLT, 2 1 6tC*5V^TA^ 

Lfc^if-^co— SB£r*iJJfl It, 7fc{f-*Hr~^lH$2 2 01: 

*»*#jt«»aije8i5 222^ 2offl«tttKittas 224^ 

ytim^r&m^n 2 2 6 ttf**Stt. f^(7)|ll3 9{C 

^•TJ; 5*#KB"ei»*IZ|!(I^RI£SrfT5o 
[0147] ::t\ it^^2 1 8ftmj3z!i(7)^^^) 

14, ^5, ^7, ^8, ^1 1 £7)H^JF^iCjo(t5EI 

1 0-E12 oo^mm^^^xm%\B^^mui 9, 26 

£l&<«i£SB#£1-5o ^tt, 3t«*^»2 2 0 

*S«r3*^**W^!B4, ^5, ^8, ^1 1(7)^ 

*S»U6t:*5«t^««fll *&Ji»5 19,26 ^(?)d p pIM 

[0148] EI 3 8 \±m 3 7 CO^lttl^ 3 ^^ 5 0 6 <7)f*j 

«*jaWSr^-fo 5 0 6 te, fiiSB2 l 2 
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it«*n^*«*<Z>--(fPSrBt!9ai"r*»tt»7 18^ 

^=^WF**J«HfP7 2 8 i:4r#i-5„ **t*»^*»tt 
871 8lc£ 0»ttLfc*«*«r*«#^=^«I5 7 2 0 

[0149] 7 2 o #«*sfs*» 

2 1 6<7)#;ff-^~*8l5 7 2 0 £Ip]$I^ if ^rttm^tt 10 

7 2 2 £ WMttttlBttfflS 7 2 4 <^ff -^pK 

iwk»7 2 6 '&&<Dm 3 9 tc^-r £ 0 ft 

"Cl«# K IB w RI £ S: fT 5 • 
[0 15 0] El 3 9(7)^d— ^-r— h$r#flSL 

T, l 7CD^ft^td4b^t6ift^HI^^ 

-T^o ft*S* El 2 7<Dg|l 6(7)HMiJF^t-*5{t^)^[S]^ 

[0151] *7"5>:/S 1 : 3t«#S««/li2 16t* 
if (B'Mi* 5 0 6 (Cjot^T, l»«tfSftlMfci§<7> v'*?' A 20 
WA«F(-f»##*t*M:«*»l*W 2 2 2 , 7 2 2I^*5V^ 

[0152] **ry-?S 2 : ^f^yS 1 T^JJ^L^S 
*#«*Jt«**^*t-e*t05«]Mi««IE«ffl 2 2 4,7 
2 4 (^^oV^Tffi'^i-^o 

[0 15 3] XTl/ZfS 3 : '>X7AIffiiMfi> 
«-f§-§ftS^2 1 6 5 0 6iC^oV^T N fa 

*#»*JfcflMft»J3fe*B 2 2 2, 7 2 2 (C*3V ^- 

m m nr -cm ^tm ^ttmk* m £ -r s 0 

[0154] X777 P S4: 50 
-ttb-t*tt<^*« ^p a pWI?fffitf5 2 2 6 , 7 2 6 

2 4, 7 2 4<Oi&ttt&-fZ)o 

[0155]^f^S5: 3fe« tp°pfMtl? 2 2 6, 
7 2 6tt, Wffl*«30*fc<Z>«##«l*Jt«»*W*ft«: 
*^^««^ LT*tt^n<0^- = ^W«WJfliiaS2 2 8, 

[0 15 6] Xf^S 6 : ^^tt^^^^WftftyW 40 
352 2 8, 7 2 8 fi^J#P^^^2 1 4 ^/f^T^ — ^ 

««Sr*«#aS«*»6 0 2jM^ = *««ffl«ffl6 1 
0 {cfex.-5o 

[0157] ?s*r ty^S 7 1 : #« *JB 6 0 2W 

^-*W«*J1WS|5 6 1 Oli, 2 1 

iftl^fii^S 0 6O^e^^if^0J^g : f5 2 2 8, 7 2 8/j^ 

[0158] X7^S72 : 3t« #36(S 6 0 2f) 
Pf#[K^fW3^^6 1 2 te#3fci8*I**8* 5 0 6^*;ff^- 50 



2003-209522 

[0 15 9] ft*5, ^(7)^^^0J<^H4<7)^J!fe^ffi 

ti, ^T^/S 7 3 : *«#aHB48»6 0 2<0^~*« 
«fflJ1S«F(5 6 1 Oft, #*iti«^5 0 6 ^ftff -5§-§:fa 
^m2 1 6^blf)tlt< 5^^*«ffiUl£<5l>T&S 
{OS CXm^W^^n b i"^:ftSS^0#SB 6 0 6 Cfe^ 

•So 

[0 16 0] ^f^^S 8 : j&^tyW^G 0 6 13;^-^ 
ff««HtPSP6 1 0<7)*g^l£t£oTe5£&2 1 2<DftK^J 

[0161] 137, i38 <D«#«-«l#jt«*jiyS«f|S 
2 2 2, 7 2 2{Cfi#%^C» [2] C0)fcff ^ p p P 1f l^jlft 

*f«rffl^3 6 0 -^p p p®^m^^iJffl Lfcfa 

P^Of 1 6 W^iMt'i 2 8 3 3 (?) (A), 13 
3(7) (B) ^rfflV^T^ L/zirio^^Cfo^o 
[0 16 2] £7c, ^^co^i 7W*16JBllB<oJ: 9 

5 0 6i:rtp^MH^l^ 
£ ^ ft v »«r 5 r. t ft 5 

[0163] (sis tomMMm) ?k^, m 4 0 <o 

(A)-14 3C > ^m^O^m 1 8 (OMMMWit LT, 

*« ^p^K^m^^f 3 ft *##*Jfc«»BJS«P 222, 

7 2 2j^ws«*»»*Jt«Sft»J3ewr/u=fyxAw 

[0 164] 140^ (A) : II 2 9 <D X 0 ft« 

^c^rffl^fc^^^LJ >^->n^=i — , 7 P 4 1 4(dj;^ 
*t^!)y^ *fcliB2 8coi 5ft**Srfflv^« 

[0165] 140W (B) : ^b^^^^^S 
[ 0 1 6 6 ] 14 1 (7) (A) : Jg*gt:^ h^AOH 

[0167] 141 (7) (B) : tgiHfc ^ 0 h 

[0168] 142 (7) (A): S«fc ^ 

3iffU-</^^ L^^f[lAJ^_h(7)^^^IE^^g 1 

[0169] 142 (7) (B) :|42« (A) tmm^. 
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* [0 17 0] 143 :|42W (A) £:04 2<?) (B)"C 
(?) (6) a-e**5Qltflf»»t«*i: UT3t«-» 



□ . 

DP 



Q = | m 1 -m0 | / (s 1 + sO) 



(6) 



[0 1 7 1] ±E<7>$MfrBB*g 0, gltLTH ^J^f 
— *5>#*riS36-**Swi (##3C«fc [4] : D. 

Marcuse, "Derivation of Analytycal Expressions fo 
r the Bit-Error Probability in Lightwave Systems w 
ith Optical Ampl if iers, "IEEE J. Lightwave Techno 10 
I.. Vol. 8, No. 12, pp1816-1823, 1990) D 

[0172] (119 (D-$mMW) i44(7) (A) — 0 

4 7M, *3BW<7>*1 9 LT, MfSf 

RftSrfT 5 «*»*t*Jt«*JB!Stt 2 2 2. 7 2 2(:*5 
Jt £ if tfc «S*9J w T /u =f y X a o M \z. fill £> F'J 

N (middle) =N (total) xdxm 



^[0173] H44(?) (A) : £i\ H2 9<D<t 

^^->y 0] J >f7tisvx=*— ^4 o 4 CJ:6iMt>/ 

[0174]H44O (B): *#fc;frfc3LK#*7&>bS 
[0 175] H4 5W (A) : gfit^ AO 5 *> 

[0176] 145(7) (B) : &ft I/^A-ft^c?)^ 

- (7) 



(fib, N(total) ttity^yy^ DttJt«* 20*#«L< ftofcfc#W, ^L/c^>7°y >^<7>*/Jn 
(Ox a.— f->f J£ (y</i^^Mt^^( A^u y h<7)it;) % M l/^^rm (middle) £r-f~5 0 

(^-f ^^/Ufi2ltfett5 l/^/U 1 [0 17 7] 04 6(7) (A) : &<7) (8) ^TL#V^f( 

*) ) T^^tv^yy^fN (middle) £8BHt* A&$:$)Z> 0 

L£l/MfiA=2x {m (middle) -L#lMlB} — (8) 



[0178] H46W (B) : MMt X h^7^5 
^u^i/^L^lMttAJ^J^c?)^^^IE^^g 1 
(75— SP i: L , u^u^s L £ v MgB J^T(?)£I5^£: 

l/^/P 1 , c?)^i^fitm 1 , 

Q= | m 1 -m 0 \ / ( s 1 + s 0) 
[0180] ±ta^P#Cg 0, git LTfi, " 
*»**S3lt5:tt"(fS5 (#%:£* [4] ) 0 

[0181] mmi^tz^mw^mi s^iifiii, it 
liii, jbi 8<onw&i&& v tw*rc*>3j&s, nrzis 

5 0 fab, ±5t (7) (c^-TJ:9(c, if-5§-^yi^<?)-r ^ 

[0182] (120 <7)^fe^fig) HI 4 8 (?) (A) ~ 0 40 
5 1 ic, 2Mgl^<0^2 0(?)^*tT^^ Lt, Sfcff-^qW 

E«&fT 3 if -»#«#Jt:«»jBJSSl5 2 2 2, 7 2 2i:i3 
it 6 JfcflHftSJ So T /i- =* y XawI kHfe <7)0*J 

A, B*:*«)5»»3as±3*^*|gW^»l 8<Z>2l*»jB 

[0183] 048(7) (A) : £i\ 0 2 9 C?) J: 9 f H 

/S^ffl^fc^-y-^^y > ^^-^0^=1—^4 i 4 tc 
^-y->7°y y^"ti/p^^-7°4 o 4 tc i^iMf >y 50 



^o tatfPffiM si, s 0 £r^)3o 

[01 79] 047:046 (7) ( B) T^^fc^^Hfim 
1 , mO taiDiflSIs 1 , s O^b, #W (9) 

••• (9) 

[0184] 048 (7) (B) : # btlfc9*fl[5>#^bS 
[0185] 049 (?) (A): fiM fc X ^7^(7)H 

u^/u<7)/J^ $ 1/ ^frhWi^tz t # (50*193 wtt*^* 
L^wfgB <^^^)^o 

[O186]049C?)(B): JitI t ^ h^^ACO^ 
O— »tfi5feL, */hz:*ffi*^ 07>fyf^L 

[0187] 050(7) (A) : h^7-^i^ 
b04 9(?) (B)ttfe/:PMg0^iL^|l^Mg 
1 x^t^), ^^g 1 xWH'CSS^^tV^ 

7i^l^-<fc £ #c?)*^](?)^^:iit^ L# vMtA 1 7£&&o 
gixlt u^</u l <o»*BB!ft gii^p^^^hro 

[0188] 050 (7) (B) : g 1 xtf>9*>"C3£S 

^/U3&SL#V>«Aa±^«»SriEa»*g 1<7)— g|5t 
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(27) 



[0189] 1151 : H5 0<7) (B) <b HI 4 9 (£> (B)r** 

Q= | ml -m 0 | / (sl + sO) 

[0190] ±B»*H»go, giiim *>fi 

^MfiStSrHt^S (#%*$£ [4] ) o 

[0191] ;£Sg 2 o 0)*16JgflSf±* HfftE^SB l 9 <dM 

*3 < ft V ^ £ V ^ 5 * IJjK# *> 5o 

[0192] (IB 2 ia>*i»e«) # 

m^rffl^TI^ffi-5^J^^i-o HI 5 2tefc*;y M/- hB 
bit/ sWNRZ 7 ) cfl'^'{c:oV ^T^i^JQfill^ffi^r 8 

ffl^tr-^t (#ttt) t^BB«*:^-t'o Alphacofifi 

0. 3, K/^7^f/^}jc4XB Hz, 20 

COSr«tt 0 . 7 X B Hz, if VTVV^AMBjftS 1/25 
6Xl/BsW^W»*t?ifo^ BER^IO" 10 

##<5D£#t£, BER^lL-Ct^l0- y -10 

^ify/y 1 sooo^yF t ft£ Q 

[0193] 1153(7) (a) , 5 3W (b)lt H5 2 
fcl^C*#-C, ^if^^i; >^#c£ 1 6 3 8 4^>F 

iMl (a) ) ^fcfi^MI (15 3(/) 

(b)) tlfcl^)^7 7fl)6 a I53W (a) 

tt^2 0 P stfc5^ U5 3C77 (b)tc^-ri: 0 
sp*QH^^5ix*r%il:"*"tLtf % &Kft5WM6ttft l 0 P 
s J£*T£fr5o 

[D194] B540) (a) tt, B bit/ s N R Z ft 
7T*fcO, AlphacottiO. 3, fM^f«i0. 7 

XBHz, »1/2 5 6 X 1/Bs, -*7">:7 0 y> 40 
VWcl 6 3 8 4^V> 7ux<> /i'* 4 

XB, 14XB. 24XB, 40XB HztSft^?t 

6 0 [15 4(7) (b) fl, M# t*^^ K^^"7>f/U^W 

[0195] mo-ymmomm) ft*3, 
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*#>fc¥#HKml % mO tmmm^s 1, sO^b 



- (1 0) 

* (ttfiCPU^MPU) *siE««tfr«-»*i s 

[0 19 6] 

— <D|§IR^«*#fl^»»lE^ft *fa>#« *iSK*{b*r 

-r 6 «*« -s-feaajc jft*tfc# tt* s ft ^ * s #*& 

[0 19 7] £fc, ^W-£nf2\ »»Jj£*ttfc"t?*>6 

[0 19 8] *IBW-ett, #M*»ft¥«MI«:«/fl 

<^«S(-fifflr*#^t^< , jSKSSScttii^^^^tft 

ft« *«*ic:iBffi "C# iatf ft ^ ft ^ 

jfts, ft^^> *»J»**MEK, *«*»#©wfcj6S 

[0 19 9] ^^c, *^^T*{i, ftifV7^ v^feSrffl 

ffl-e#S*«*trs/ h i — h/i^laffltftSo 
[HffiW«*ftKW] 

[hi i ] i m^^^m^mm *jr*-*mm 
i m 2 ] ^ » 2 « o **« ^mm^-^^m 

[13 3] ^(7)»3^J<7)3tKS^9J#fifi^ = ^SK 
[14] ^*(?^4^J^7 1 c;^S7>f'J^mif-^^^^^ 

[He] t^5fe<oJB6«co*ft*»»l*a[«*-=E-=^K« 
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=- ? mm.om^^'t y n y ? mxh z> 0 

[[El 9 ] 3 (DmMMM^tert &yt&Mft&\& 

- ? mm^m^^-r-y n ^ m -e & s 0 

[010] *:^P^^4 0^»^li(c:jo^^**^f I J 

[0i2] *mw<DWb6<DmmMm^tert&ft&$:'ftW\ 
[hi 3] ^mm^me^MifmA^n^^M^m 

mx&z> 0 

[0 14] *^^^6C0^^{d^(tS^S^f'l 

y ?mx&>& 0 

[0 1 5] ^P^^^6(?)^?f^tC^ott6^;^S^S'J 

[016] ^mmo^7 omMmmztert&iti&M'Am 

[017] *mw<nm8 ommmmiztertzytfti&ftm 

[01 8] *wMnm9<nnmmm^tert&ft&Mftm 

[019] ^womi oommftmiztert&ftftiMift 

[020] ^mm^mi l^mmnmA^^^^^ 

[021] *mm<omi 2 0)mMMmz.$3tf&3t&mft 
m^mm ~ * mm <r> ^^typ^^itfc§ 0 
[022] ^mm^mi 3 coMMwzmiz&tf zitw.&ft 

[023] ^mm^mi ^o^mmmtM^^n^^-B:^ 

[024] ^mm^mi b^mmMmi^n^it^.^ 

[02 5] *IP^(/)fl 6^ilIiwM>7 h 1 ?-^ 

wfM^^t^'n y?mx\ (A)n^mmm^ffi^ ; 5 

[026] ^mm^mi 6 ^^ififc^it^Mtfa 
[027] &§£w<owzi eo^mwMW^itit^r^—^ > 

bXfr>Z> a 
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[02 8] *38W<z)#**jRllB{c:d3V^"C, mMf-^^y 

[0 2 9] ^P^CO^-^Mi^tC^^T, Tfet^y^ 

^ 5^ n ^ = - ^ Sr ffl V »^ <7? « lt«»»l £ 

[0 3 0] 6 oimMmm^tetf Zim^MW 

70 [0 3 1 ] 0 3 0 (CM< 1 6 ^HJfe^JtCjo 

[03 2] 03 1 |:S<*^WSl 6 0H^J|(C*3 
[03 3] 03 2 ClgE< 1 6 <n%W&&\Z.1& 

z> m »»hi ^ r >\> =* y x a * ^ & 0 -c 

[0 3 4] 0 3 0—0 3 3ld^-T J; 5 ##l!T-f#bftfc 

^0 3 0-03 3<7)T/l^^y XA-C#ftfcil*»8tlt 
[03 5] R*»«<^»»*sfe5»'&<!0jl»7 !f --^«S: 

fcQ-Ht-CfcO . M^i 3 0-03 3W7^yX« 
[03 6] 2MB IK (7) » 1 7 W**JK!fia>** 3/ h y — V 

<nmj&&7f:-tzfv y?mx\ (A)\ttffiiB\m&ffiX-z> 

30 y >?Ml&0Ut*y by — 9 X&> *9 , (B)li^ 

[03 7] *^PJ(7)^1 7W**»IBtc:fe(t5iS$«* 
[03 8] 03 7 0^ig^M^<nft^ffif&&^1r7 f v 

y?mxfoz> a 

[0 3 9] *^WS1 7 O^MMM^^iM^-? ~> 

[040] ^mm^mi 8<oni&ft2tfe^&rt%^ttm 

[04 1] i4 0{C^<*f^^Il 8(7)tWitt 
[04 2] 0 4 1 icm< *55WWJR 1 8 (7)*ft?f^(C:*o 

( 1 5 if ^- «ic iJJ £ T =f y X a Sr ^ tltJt 

[04 3] 04 2 ^mm<Dm 1 8 05|a6JKjB(C*5 

JO fc5o 
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[045] i4 4{^m<^^^^mi 9 (Dmt&J&Wi^to 
[146] i4 5|Cg<*l^<Df 1 9<0*tt»lBfc::fc3 
[114 7] HI 4 6 td^< ^mWKnm 1 9 W*ftJSIB«£:fc5 70 

1* 3 fa ^m^mMm^T^ =* y XA ^r^-rSEjfe^I -c 

[048] *3&W<F>$&2 0<O|i*JgJB^*5ft5fflr#»«i 
[04 9] (A), (B)telH4 (A), H48(/) 

( B ) {z.m < *&W<om 2 0 <7>**6^1B«c:*5J-t 5ft 

[150] i 4 9 *1P| «^ 2 0 

[051] 050 (CM< ^B^fl 2 0 (75HSfi«lB^*5 

[0 5 2] *$&W<nW,2 i<D**»»jr*5ttSfcry 

— h B bit/s(7)NR Zatft *l-oV^-C¥*&QMi¥flfi*' 
8liHl0jgLfc»'&<75»!|!l«ait (ttH) ¥i^QilS 
Wffilcffli^cT*— (*«) i:^H«Sr^-r^7 7"C 

[05 3] 05 2 ^ [W] C^fr-C. ^>"7°y 50 

m&smmfecDmmmm (a) *fcttsp*5MB cb) 

[054] (a)tt, 1fWft<n>%2 1 <Z> I* 
5, B bit/s NRZ^ff(-O^T¥^Ql^Ql 
^K^Sr^p y h Lt^7 7t* , (bm, ffi#<t 

i 5 Ttm^m^ 40 

17 if>^y p s>^l8£« 

1 9 m^ut^s^ 

21 -y->^y ^ft^/i^jua^ffi 

22 -y-^^y v^ft^/i^^&sis 

2 3 ft^i££tf 

2 4 m^itmm 
2 s 

2 6 mmt^mn 

2 7 
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2 s &s#»*ij«p«fR 

3 l Jt&WM 

4 i mvifti&mmn 

4 2 iftfM^ 

102. 502 %J— K 

1 0 4, 5 0 4 3fe« -^Sif 

1 0 8, 5 0 8 9UB[H]$ft 

110, 510 iHHUH 

112, 512 Jt\%% 
19 1 

19 2 «JE«Sei5 

1 9 3 M8cR3ttti Lift 
19 4 ^ p y ^ ^MB^ 

19 5 7 s — **Q31ffl5 
1 7 1 

2 0 2, 6 0 2 %\%WMtv$km 
2 0 4, 6 0 4 

2 0 6, 6 0 6 SK^0#95 
208,608 ^-f^/^ 

210, 6 10 ^=*flmfM»SB 

2 12 

2 14 VM^^^f^ 

2 16 *fS ^Sff $5^ 

2 18, 718 ft^tf&SI 

2 2 0, 7 2 0 ftff -^t — 

2 2 2, 7 2 2 ft ^WtfJtWftBJfift 

224, 724 ^mm^mt^M 

2 2 6, 7 2 6 iff^D P pfWI^ 
2 2 8, 7 2 8 ^ ^ * 1»#?filJ1W§[$ 
2 3 0 ft^lf 2ff 

40 4 mtc-y-v^y v^^>n^=i— :/ 
4 0 6, 4 1 6 m ^aqssb 

4 0 8, 4 1 8 t:^h^7^fFflfi$B 

4 1 0, 4 2 0 «##«l*Jt«*»ffi» 

4 14 tfy/Jj V^^-i/n ^ -7° 

5 0 6 fti^S^iB^ 

6 12 Pt^P^^ 

7 1 6 fttifES 

17 11 nA^s+U-^ 
17 12 /^T^T 

17 13 eacftw 

17 14 BjFftJRSftXMSS 

17 2 1 ^Ai/x^ U— £ 

1 7 2 2 /^7XT 

1 7 2 4 ft*BPSi£« 

1725 mi co«*iRiixa!*aE«s» 

1 7 2 6 H 2 ^m^^^^ft^Pts 
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m i ] 



[82] 



(YL'j hu- MbCbit/sJxNiM) (t*j hi/- hf 0 tbit/s)x iag) 

61 



■ 



i 



62 



ftss 



53 



64 




62 



64 M «t» 



( bfy K U- hfo(bix/s)xN-afi) 



i 



62-1 



jmbl) 



[i3] 



[14] 



ft«ft#fJ$M^ 

(e-yhU-hf D (bit/s)xiafi) 



{\£y hU-hf 0 (btt/s)xia«) 



63 ft*K»3 



66 



67 



8 

SI 

e 



si 



(t'j SU- hf D (bit/s)xiatfi) (feS- hp- hf 0 (bii/s)xi»fi) 

69 70 



IB 



ft 

A. 
n 

ft 

IB 



68 



71 (t'!y^-Mi(bit/s)xl;fi£) 



73 




ft*8&3i 

15— 



fS 
3 



[g]5] 



ft»S#S)**tf^ ftSfi#att*S5 

( t v h V- M 0 (bit/s)XN2MI) • ( \L y hi/- M, (bit/s)X 1 

74 ^ 75 ft*S»2J 



77 



ft 

■ 

0 



76 



Is 
3 




75 



76 



77 



ft 

% 

9 



[06] 



ftifi£#H£H3* ftft^tfSWJIlH** 
(e y h f - Mo(bit/s) XNKfi) ( e v h b - hf 0 {bit/s)x 1 fiJi) 

78 \ 80 81 



(*ySUH«fifi(Hz)) 




tf>^u>^ft 



82 (CvU'-W|<blt/s)xiatt) 

Vk 83 ft*£*8 



80 


81 


82 


ft 








ft 




ft^iwi 




9 



s 
s 
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[H7] 



[Hi 0] 




19 



192 



— d 



193 



JRi* 



I 



wen 



434 



195 



( t' v V U- hfo(bit/s)xratfi) (bfvKU- hf 0 (t>rt/s) * 1 »S) 

11 15 **fcft&3 



i 



0 



* 
m 



^ I 

i 



19 




[HI 8] 



1(114] 




ISi 




fg Gbit/s 



1713 



171 



1714 



ft/H+Df 



-^1712 



f„/B+Af(-l QBa) 



[H 9 1 



42: 



0^ 



19 














193 




195 














^ 


«8«J 



15: 



194 



7 



[123] 





27 




31 


a-aiasa 


». 












21 







<*'J£LHiftBfi<Hz» 



24 









► 
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1 1] 



(fcfv h^-Mo{bli/s)XNi4ft) (t'y hb-ffo(bit/s)xi2fi) 

XI t 23 



21 




f 

(»ueuJssaft(Hz)} 



[tfyH/-Hi(bit/s)xi»« 



23 


24 

i — • 


25 


n 










A 
3 








3 



15 KIRKS 




15 it*ft*9l 



[Hi 2] 



[124] 



{^hl/-Ho(bTt/s)xlifift) 



(tvKI/- K,{bK/s)xm&) 




28 



31 







■> 












21 






i ^ . 


J 





2i 



mm** 




mm 


— >■ 



WW 1 



[Hi 3] 
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1 5] 



2 7 ] 



172 



1.727 

r 3 



tragus* 



/W7*T ^1722 



1724 




[116] 



<*UiRL«3»fi(bit/s>xiar5) 



(tfy hi/- habit's] xitt*) 
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